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LIQUID HOUSING CONTAINER AND LIQUID
SUPPLY APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid housing container
that houses a liquid such as ink and a liquid supply apparatus.

2. Description of the Related Art

As a container that houses a liquid, a liquid housing con-
tainer 1s conventionally known which has a gas-liquid sepa-
ration membrane that passes a gas, while controlling the
passage of a liquid. For example, Japanese Patent Application
Laid-Open No. 61-24458 proposes an 1nk jet print head hav-
ing an ink tank 1n which a gas-liquid separation membrane 1s
installed. An opening formed in a part of the ink tank 1is
covered with the gas-liquid separation membrane. The gas-
liquid separation serves to remove bubbles from the 1nk tank,
while preventing the leakage of k.

By installing a membrane having such a gas-liquid sepa-
rating capability in the opening in the liquid housing con-
tainer, 1t 1s possible to house the liquid without leakage and to
remove the gas from the liquid housing container through the
membrane.

However, liquid housing containers using the conventional
gas-liquid separation membrane are not sufliciently durable.
For example, 1f an 1nk tank 1s used over a long period in which
the conventional gas-liquid separation membrane 1s installed
as disclosed in Japanese Patent Application Laid-Open No.
61-24458, ink (liquid) may soak into the gas-liquid separation
membrane to reduce the air permeability of the gas-liquid
separation membrane. Further, the gas-liquid separation
membrane may fail to block the ink, which may leak to the
outside of the ink tank. This may result in contamination or
malfunction of the printing apparatus.

Such defects tend to be more marked when the surface
tension of the liquid 1s lower. However, a lower surface ten-
s10n has increasingly been requested for 1nk for ink jet print-
ing apparatuses, for example.

Specifically, a problem may occur when an operation 1s
repeated which involves making a difference 1n atmospheric
pressure between the interior and exterior of the liquid hous-
ing container to remove the gas from the container to the
exterior through the gas-liquid separation membrane. In this
case, the liquid blocking capability of the gas-liquid separa-
tion membrane may be prematurely degraded. The liquid may
then soak into the gas-liquid separation membrane, resulting,
in the leakage of the liquid. In particular, with such an ink tank
as disclosed 1n Japanese Patent Laid-Open No. 61-24458, an
operation of removing the internal gas through the gas-liqud
separation membrane must often be repeated a number of
times. It 1s thus important to ensure the repeated durability of
the gas-liquid separation membrane.

Further, the gas-liquid separation membrane used for such
an 1k tank needs to have as high an air permeability (the
amount of gas permeated per unit area) as possible 1 order to
reduce the pressure difference or time required to remove the
gas from the ink tank. Moreover, a high positive pressure may
be temporarily exerted on the ink by the expansion of the ink
caused by a change 1n temperature or the vibration or turn-
over of the ink tank during transportation. Accordingly, to
reduce the possibility that the ink leaks to the exterior through
the gas-liquid separation membrane, the gas-liquid separa-
tion membrane must have a high withstanding hydraulic pres-
sure. The withstanding hydraulic pressure means a limiting
pressure required to exert pressure on a liquid such as ik
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2

which 1s 1n tight contact with the gas-liquid separation mem-
brane to pass the liquid through the gas-liquid separation
membrane.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a durable
liquid housing container using a gas-liquid separation mem-
brane, and a liquid supply apparatus.

In the first aspect of the present invention, there 1s provided
a liquid housing container having an opening at which a
gas-liquid separation membrane allowing a gas to pass trough
while limiting passage of a liquid can be located,

wherein the gas-liquid separation membrane includes a
fibrous area comprising fibrous portions and an annular bun-
dling area which bundles ends of the fibrous portions and
which are closed so as to surround the fibrous area.

In the second aspect of the present invention, there is pro-
vided a liquid supply apparatus having, in a liquid supply
path, an opening at which a gas-liquid separation membrane
allowing a gas to pass trough while limiting passage of a
liquid can be located,

wherein the gas-liquid separation membrane includes a
fibrous area comprising {ibrous portions and an annular bun-
dling area which bundles ends of the fibrous portions and
which 1s closed so as to surround the fibrous area.

The present mmvention 1s based on knowledge obtained
from the results of the experiments and associated analyses
and examinations described below.

First, a liquid housing container was produced which was
provided with a common gas-liquid separation membrane at
an opening to control the flow-out of a liqud, the opening
being used to remove an internally remaining gas. Ink as a
liquid was housed in the liquid housing container, and actual
use durability tests were conducted. Then, the 1nk soaked into
the gas-liquid separation membrane and further leaked. In
particular, when a difference 1n atmospheric pressure was
repeatedly made between the interior and exterior of the
container via the gas-liquid separation membrane to repeat-
edly remove the gas from the container, the following
occurred significantly: the soaking of the ink into the gas-
liquid separation membrane and the leakage of the liquid
from the gas-liquid separation membrane.

Here, the gas-liquid separation membrane has a porous
structure and 1s composed of an area (called a “fibr1]”) having
a structure like very thin fibers and an area (called a “node”)
in which the ends of the fibrous portion are bundled. Since the
pore size of the porous structure 1s far larger than the size of
gas molecules, the gas-liquid separation membrane has air
permeability. If a liquid comes into contact with the gas-
liquid separation membrane, 1t permeates through the pores.
Accordingly, a finite quantity of energy 1s required to pass the
liquid through the gas-liquid separation membrane. Thus,
when the liquid 1s subjected to at most a predetermined lim-
1iting pressure, 1t cannot pass through the gas-liquid separation
membrane.

The present inventor closely analyzed and examined the
phenomenon resulting from the repeated removal of the gas
from the container. The present inventor thus found that in a
part of the gas-liquid separation membrane 1n which the soak-
ing or leakage of the ink occurred, the structure of the mem-
brane was partly destroyed. The inventor further found that
the destruction did not occur 1n the node portion of the gas-
liquid separation membrane but corresponded to the rupture
ol the fibrous structure of the fibril portion. The fibrous struc-
ture of the fibril portion 1s closely related to the gas-liquid
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separation mechanism of the gas-liquid separation mem-
brane. The rupture of the fibrous structure 1s closely related to
the leakage of the liquad.

The present invention 1s based on such knowledge.

The present invention makes it possible to maintain the
functions of the opening with the gas-liquid separation mem-
brane over a long period to prevent for example, the leakage
of the liquid, thus improving the durability of the liquid
housing container and liquid supply apparatus.

The above and other objects, effects, features and advan-
tages of the present invention will become more apparent
from the followings description of embodiments thereof
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s aschematic perspective view of a liquid housing,
container in accordance with a first embodiment of the
present invention, and FIG. 1B 1s a schematic sectional view
of the liquid housing container;

FI1G. 2 1s a schematic diagram of the surface structure of a
gas-liquid separation membrane in FIG. 1;

FIG. 3A 1s a schematic diagram showing only a fibrl
portion extracted from FIG. 2, and FIG. 3B 1s a schematic
diagram showing only a node portion extracted from FIG. 2;

FIGS. 4A and 4B are schematic sectional views 1llustrating,
tests 1n which an operation of discharging a gas from the
liquid housing container shown 1n FIG. 1B 1s repeated;

FIG. 5 1s a schematic sectional view of a liquid housing
container in accordance with a second embodiment of the
present invention;

FIG. 6 1s a schematic sectional view of an operation of
discharging a gas from the liquid housing container shown 1n
FI1G. §5; and

FIG. 7 1s a schematic diagram of the liquid housing con-
tainer 1n accordance with the second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described
with reference to the drawings.

First Embodiment

FIGS. 1A to 4B are diagrams illustrating a first embodi-
ment of the present invention. In the present embodiment, a
box-shaped liquid housing container 1 was produced using a
resin material.

A small window serving as an opening was formed 1n a top
surface of the liquid housing container 1. A gas-liquid sepa-
ration membrane 2 was then attached by heat seal so as to
close the small window, thus forming an air vent 3. A suitable
method for installing the gas-liquid separation membrane 2 1s
heat seal. However, of course, the present invention 1s not
limited to this. For example, mechanical fixation (caulking)
or bonding with an adhesive may be used. Moreover, the
liquid housing container 1 1s connected to a liqud supply
system (not shown) so that ink 4 as a liquid can be freely filled
into and discharged from the liquid housing container 1. The
liquid supply system for example, supplies ik from an ink
tank to a print head. In this case, the ink tank can be connected
via an opening and closing valve to a liquid introduction port
formed in the liquid housing container 1. The print head 1s
connected via an opeming and closing valve to a liquid deri-
vation port formed 1n the liquid housing container 1.
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4

The gas-liquid separation membrane 2 used 1n the present
example was produced by umaxially stretching a resin film
containing polytetratluoroethylene to form a membrane of a
porous structure and then subjecting the surface of the mem-
brane to a liquid repellent treatment. The liquid repellent
treatment 1n the present example used a technique for forming
a layer of a fluorine compound on the membrane surface.
However, any of various common treatment methods can be
appropriately used 1n accordance with the material of the
membrane and the type of the liquid housed. Alternatively,
the treatment may be omitted 11 1t 1s unnecessary.

The surface shape of the gas-liquid separation membrane 2
consists of an area ({ibril portion) 2A with a structure like very
thin fibers and an area (node portion) 2B with a structure in
which the ends of the fibrous portions are bundled. FIG. 2
schematically shows the surface structure of the gas-liquid
separation membrane 2. FIG. 3A 1s a diagram showing only
the fibril portion 2A extracted from the surface structure
shown 1n FIG. 2, i order to make the structure of the gas-
liquid separation membrane easily understandable. Similarly,
FIG. 3B 1s a diagram showing only the node portion 2B
extracted from the surface structure shown in FIG. 2, 1n order
to make the structure of the gas-liquid separation membrane
casily understandable.

Since the gas-liquid separation membrane 2 1s formed by
umaxial stretching, the fibrous structure of the fibril portion
2 A consists of fibers arranged 1n substantially one direction.
The terminals of the fibers are bundled together to form a
node portion 2B. The node portion 2B has a more character-
1stic surface shape, that 1s, 1t 1s annular and the annular struc-
ture 1s mostly continuous. Inthis case, the annular shape 1s not
necessarily a circle but includes all the forms corresponding
to a “structure closed so as to surround” the fibril portion 2A
serving as a {ibrous area. Besides the circle, the annular shape
may be a rhomboid, an ellipse, an oval, a trapezoid, or an
infinite shape. The annular shape includes all the structures
closed so as to surround the fibril portion 2A serving as a
fibrous area.

The node portion 2B has only to be an annular bundled area
closed so as to surround the fibril portion 2A; the bundled area
1s obtained by bundling the ends of fibrous portions consti-
tuting the fibril portion 2A. For the node portion 2B, as 1s
apparent from FI1G. 2, the following are not particularly speci-
fied: the size or form of the fibril portion 2A surrounded by the
node portion 2B, and the number of fibrous portions consti-
tuting the fibril portion 2A. Further, as 1s apparent from FIG.
3B, the node portion 2B 1s formed so that a plurality of fibrous
portions surrounding different fibril portions 2A are con-
nected together.

In such a structure, the fibrous fibril portions 2A are con-
nected to the annular node portion 2B; this structure 1s similar
to a frame and a gut of a tennis racket. In such a structure, the
annular node portion 2B limaits the force exerted on the fibrous
structure of the fibril portion 2A 1n the direction in which the
fibril portion 1s pulled. This reduces the magnitude of defor-
mation of the fibril portion 2A to improve fracture strength.

A dye-based ik 4 (surface tension =28 mN/m) as liquid
was filled into the liquid housing container 1 thus produced.
Then, tests were conducted 1n which a difference 1n atmo-
spheric pressure was repeatedly made between a gas 5 1n the
container 1 and the exterior of the container 1 to discharge the
gas 5 from the container 1 to the exterior through the gas-
liquid separation membrane 2. FIGS. 4A and 4B 1illustrate the
tests. That 1s, 1n FIG. 4A, the pressure on the gas 5 1n the
container 1 was set lower than the atmospheric pressure out-
side the container 1 to discharge the gas 5 through the gas-
liquid separation membrane 2 as shown in FIG. 4B. Subse-
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quently, an operation was repeated which 1nvolved
introducing the gas 5 into the container 1 as shown 1n F1G. 4A
and then discharging it as shown 1n FIG. 4B. Initially, the air
permeability of the gas-liquid separation membrane 2 was 5.7
um/(Pa-s) and the maximum difference 1in atmospheric pres-
sure between the interior and exterior of the container 1 was
20 kPa. The number of times that an operation of discharging
the gas 5 as shown i FIGS. 4A and 4B was repeated was
10,000.

The term “air permeability” as used 1n the specification
refers to a value indicating the amount of gas (air) that can
permeate through the membrane per unit area of the mem-
brane within a unit time on the basis of a unit pressure ditier-
ence. In particular, the definition of the air permeability 1n
[SO-5636/5 or JIS-P8117 1s commonly used. The present
example conforms to this definition. The thus defined air
permeability 1s also called ISO air permeability.

During and after the tests of such an operation as shown in
FIGS. 4A and 4B, the state of the gas-liquid separation mem-
brane 2 and a variation 1n the amount of gas permeated were
closely observed. As a result, the following were not
observed: the soaking of the liquid into the gas-liquid sepa-
ration membrane 2 and the external leakage of the liquid,
which occur frequently in the prior art. The amount of gas
permeated did not decrease sharply. Moreover, a close analy-
s1s of surface structure of the gas-liquid separation membrane
2 did not 1indicate destruction of the membrane structure.

In the prior art, an increase 1n the withstanding hydraulic
pressure ol a gas-liquid separation membrane often used for
the above application 1s considered to be essential for sup-
pressing the soaking of the liquid 1nto the gas-liquid separa-
tion membrane and the leakage of the liquid. However, the
withstanding hydraulic pressure 1s contrary to the air perme-
ability. That 1s, the pore size of the gas-liquid separation
membrane must be reduced 1n order to improve the with-
standing hydraulic pressure. This forces the air permeability
to be sacrificed. However, the present inventor, as a result of
the concentrated examinations, has confirmed that the
repeated durability can be improved without the need to
reduce the air permeability, that 1s, to increase the withstand-
ing hydraulic pressure more than required. That 1s, the use of
such a gas-liquid separation membrane as described above
could improve the repeated durability without the need to
increase the withstanding hydraulic pressure more than
required, by suppressing the soaking of the liquid and the
leakage of the liquid 11 the gas 1s repeatedly removed.

In the present example, the withstanding hydraulic pres-
sure of the gas-liquid separation membrane 2 with respect to
the dye ink 4 was 60 kPa. This value 1s sulliciently larger than
that of a positive pressure that may temporarily occur inside a
liquid housing container such as a common ink tank 11 the
temperature changes or the liquid housing container 1s turned
over under actual use conditions. Thus, during actual use, no
liquid leaked from the liquid housing container 1 as a result of
a change 1n temperature or the turn-over of the liquid housing
container.

Second Embodiment

In the second embodiment, the fibers constituting the
fibrous structure of the fibril portion 2A has an average thick-
ness of 0.2 microns. The other conditions for the production
of a liquid housing container 1 were similar to those in the first
embodiment.

As the fibers constituting the fibrous structure of the fibril
portion 2A become thicker, stress rigidity increases to make
the fibrous structure unlikely to be destroyed. For example, 11

10

15

20

25

30

35

40

45

50

55

60

65

6

the fibers are cylindrical, doubling their thickness quadruples
tensile rigidity. However, the extremely large thickness of the
fibers reduces the pore size of the gas-liquid separation mem-
brane to preclude suificient air permeability from being
achieved.

As aresult of examinations, the present inventor has found
that with the gas-liquud separation membrane 2 with the
above structure, a suilicient fracture strength 1s achieved
when the fibers constituting the fibrous structure of the fibril
portion 2A have an average thickness of at least 0.1 micron.
The term “average thickness of the fibers” as used in the
specification refers to the average value of diameter of the
thinnest part of each fiber constituting the fibril portion 2ZA.
The average thickness can be actually measured using an
clectron microscopic 1mage of the gas-liguid separation
membrane 2. Of course, the number of samples used to cal-
culate the average value should be larger. For example, 11 at
least 100 fibers are used for the calculation, the average value
can be obtained with a statistically suificiently reliable accu-
racy. In the present example, the average thickness of the
fibers 1n the fibril portion 2A was calculated by actually
measuring the diameter of the thinnest part of each of the
(about 300) fibers 1n a 100x100 um area on the basis of an
clectron microscopic 1image of the area.

A liquid was filled 1nto the liquid housing container 1 1n
accordance with the present embodiment and tests were con-
ducted 1n which an operation of discharging the gas S was
repeated as 1n the first embodiment. The test conditions were
similar to those 1n the first embodiment. As a result, even after
the repeated tests, the occurrence of the following was pre-
vented: the soaking of the liquid into the gas-liquid separation
membrane 2 and the external leakage of the liquid from the
gas-liquid separation membrane 2. Moreover, the following
were not observed: a decrease in the amount of gas permeated
through the gas-liquid separation membrane 2 and the
destruction of the membrane structure.

Third Embodiment

In the present embodiment, an opening 3 was formed at the
top of the liquid housing container 1 (see FIGS. 1A and 1B);
the opening was a rectangle having a 3x7 mm cross section in
which the gas was permeated. The gas-liquid separation
membrane was 1nstalled at the opening 3 to form an air vent 3.
In this case, the minor axis (the direction of the length of 3
mm) of the opening 3 was placed parallel to the direction 1n
which the fibers constituting the fibrous area of the gas-liquid
separation membrane are substantially arranged.

As aresult of examinations, the present inventor has found
that the above configuration specifically exerts good eflects
on our objects. As described above, the strength of the gas-
liquid separation membrane affects the leakage of the fluid
resulting from the rupture of the fibrous portion of the gas-
liquid separation membrane. That 1s, the expansion force
exerted on the fibers must be minimized in order to prevent
the rupture. To achieve this, it 1s effective to suppress the
deformation of the entire membrane.

However, when for example, the size of an opening 1s
reduced which 1s formed in the container to suppress the
deformation of the entire membrane, disadvantageously the
airr permeation area and thus the total air permeability
decrease.

As a result of examinations, the present inventor observed
anisotropy in the membrane strength, 1n other words, 1n the
unlikelihood of deformation under an external force, 1n the
gas-liquid separation membrane 1n which the fibers constitut-
ing the fibrous area are arranged in substantially one direc-
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tion. That 1s, the gas-liquid separation membrane 1s soft 1n a
direction perpendicular to the direction in which the fibers are
arranged but has a very high membrane strength in a parallel
direction.

Thus, 1n view of this, examinations were made of methods
of suppressing the leakage of the liquid during the repeated
removal of the gas without reducing the area, to obtain the
configuration described below. That 1s, the present inventor
has found that a liquid housing container having an extremely
durable gas-liquid separation membrane 1s obtained by shap-
ing the opening 3 so that 1t has a major axis and a minor axis
(rectangle) and setting the minor axis of the rectangle parallel
to the direction in which the gas-liquid separation membrane
1s strong, that 1s, the direction 1n which the fibers are arranged.

In this case, the opening 3 is rectangular. However, of
course, similar effects are exerted when a cross section of the
epening which 1s perpendieular to the air permeatierr direc-
tion 1s shaped to have a minor axis and a major axis and when
the minor axis of the opening cross section 1s parallel to the
direction 1 which the fibers constituting the fibrous area of
the gas-liguid separation membrane are substantially
arranged. The term “shape having a minor axis and a major
ax1s” as used 1n the specification refers to all the figures that
have only at most two line symmetrical axes and thus have
nonuniform distances from the center of the figure, thus
enabling a minor axis and a major axis to be defined. Typical
shapes include a rectangle, an ellipse, an oval, a rhomboid, a
parallelogram, and a trapezoid. It 1s needless to say that the
shape includes figures obtained by slightly rounding or cham-
fering corners of the above figures.

The present embodiment i1s effective particularly in a
fourth and fifth embodiments described later.

Fourth Embodiment

FIGS. 5 and 6 are diagrams illustrating a fourth embodi-
ment of the present invention. In the present embodiment, the
liguid housing container produced in the above second
embodiment was used as an ink housing container (ink tank)
1 to produce an 1k 1jecting apparatus that injects ink housed
in the 1k housing container.

The ink housing container 1 in the present apparatus 1s
configured as shown 1n FIGS. 5 and 6. The gas-liquid sepa-
ration membrane 2 1s provided at a position where the gas 5
present 1n the 1nk housing container 1 can be discharged by
utilizing the difference 1n pressure between the interior and
exterior of the 1nk housing container 1. That 1s, the air vent 3
having the gas-liquid separation membrane 2 1s formed 1n the
top surtace of the ink housing container 1. A cap 6 1s provided
for the air vent 3 so that it can contact and leave the air vent 3.
Thecap 3 covers such an air vent 3 as shown 1n FIG. 6, to form
a pressure-controllable airtight chamber R (see FIG. 6) above
the gas-liquid separation membrane 2. The cap 6 1s connected
to a negative pressure generating means such as a negative
pressure pump through an opening and closing valve (not
shown) that can be opened and closed. By introducing a
negative pressure into the airtight chamber R formed as
shown 1n FI1G. 6, 1t 1s possible to make a difference 1in pressure
between the interior and exterior of the ink housing container
1 via the gas-liquid separation membrane 2.

Lines 7A and 8A are connected to the bottom of the ik
housing container 1 so as to constitute an 1k introducing,
system 7 and an ink guide-out system 8. The lines 7A and 8A
are provided with valves 7B and 8B, respectively, which can
control the flow of the 1nk. The line 7A 1s connected to an 1nk
refilling section (not shown) that refills 1nk into the iterior of
the ink housing container 1. The line 8 A 1s connected to an 1ink
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ejecting section (not shown) that ejects the ink housed 1n the
ink housing container 1. The ink ejecting section 1s for
example, an ik jet print head. With the ink jet print head, ink
fed from the imterior of the ink housing container 1 can be
¢jected onto a printed medium through a nozzle to print an
image on the printed medium.

If such an ink housing container 1 is used, 1ink 1s filled 1nto
the 1nk housing container 1 through the line 7A of the 1k
introduction system 7. In this case, the cap 6 1s separated
upward from the air vent 3 as shown 1n FIG. 5. Further, the
valve 8A 1n the 1nk introduction system 8 1s opened to make
the line 8A available.

After the ink housing container 1 1s filled with the ik, the
valves 7B and 8B are closed. Further, the cap 6 1s used to close
the air vent 6 to form the airtight chamber R as shown 1n FIG.
6. Then, a negative pressure 1s mtroduced nto the airtight
chamber R to reduce the pressure in the chamber R. This
reduces the pressure 1n the ik housing container 1 via the
gas-liquid separation membrane 2. The gas 5 mixed and
remaining inside the ik housing container 1 1s discharged
from the airtight chamber R to the exterior of the 1nk housing
container 1 through the gas-liquid separation membrane 2 as
shown 1n FIG. 6.

After the gas 5 1s thus discharged from the interior of the
ink housing container 1, the cap 6 1s separated from the air
vent 3. Then, by appropriately controllably opening and clos-
ing the valves 7B and 8B, 1t 1s possible to supply the ink from
the 1nk housing container 1 to the ink ejecting section through
the ink guide-out system 8, while refilling the ink from the 1nk
refilling section into the interior of the 1ink housing container
1 through the ink introduction system 7. The gas 5 1s dis-
charged from the ink housing container 1 through the gas-
liquid separation membrane 2 so as to inhibit the gas 5 from
remaining the ink housing container 1. This makes 1t possible
to avoid the introduction of the gas 5 1nto the ik ejecting
section. IT for example, the ink ejecting section 1s an ink jet
print head, when bubbles enter the ink jet print head, the
energy required to eject the ik through the nozzle may be
absorbed by a change in the volume of the bubbles. In some
cases, a change 1n temperature may increase or reduce the
volume of the bubbles to make the ejection of the ink through
the nozzle unstable. Such a problem can be avoided by mnhib-
iting the gas 3 from remaining 1n the ink housing container 1.

The gas 5 from the 1k introduction system 7 may enter the
ink housing container 1 together with the ink. Thus, an opera-
tion of discharging the gas 5 through the gas-liquid separation
membrane 2 1s repeated periodically or at appropriate times.
During the discharging operation, as previously described,
the valves 7B and 8B are closed and the cap 6 1s used to form
the airtight chamber R so that a negative pressure can be
introduced into the airtight chamber R as shown in FIG. 6.
Further, the valve 7B 1n the 1nk introduction system 7 may be
a normally open valve that 1s automatically closed when the
pressure in the ink housing container 1 reaches at most a
predetermined value, 1n order to discharge the gas S from the
ink housing container 1. Alternatively, as shown in FIG. 6, the
cap 6 may be used to always form the airtight chamber R.
Then, a negative pressure may be introduced into the airtight
chamber R to discharge the gas 5 from the 1nk housing con-
tainer 1, and the airtight chamber R may otherwise be open to
the air.

In the present embodiment, the operation of discharging
the gas 5 was repeated 1n association with an operation of
refilling and supplying the ink as described above. The dii-
ference 1n atmospheric pressure between the interior and
exterior of the ik housing container 1 was 20 kPa. The
number of times that the operation of discharging the gas 3
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was 10,000. As a result, the soaking of the ink into the gas-
liquid separation membrane 2 and the leakage of the ink did
not occur. The repeated durability could be improved.

Fitth Embodiment

FIG. 7 1s a diagram 1illustrating a fifth embodiment of the
present invention. The ink housing container 1 1n accordance
with the present embodiment uses the gas-liquid separation
membrane 2 to supply the ink 4 to the interior of the container
1.

The 1k housing container 1 is provided with an 1nk refill-
mg port 1A, an ink supply port 1B, and a suction port 1C. The
ink refilling port 1A 1s connected to a supply path 11 for the
ink 4. The ink supply port 1B 1s connected to an 1nk supply
path (not shown) through which the ink 4 1s supplied to an 1nk
jet print head or the like. The suction port 1C 1s connected to
a negative pressure supply path 12 such as a negative pressure
pump. The suction port 1C comprises the gas-liquid separa-
tion membrane 2, through which a negative pressure 1s 1ntro-
duced into the 1nk housing container 1.

When the level L of the ink 4 1n the 1nk housing container
1 lowers as shown by the solid line in FIG. 7, so that the ink
4 must be refilled into the ik housing container 1, the 1nk
supply path connected to the ink supply port 1B 1s first closed.
Then, a negative pressure 1s mtroduced into the ik housing
container 1 through the gas-liquid separation membrane 2
using the suction port 1C. The negative pressure serves to
suck and refill the ink from the ink refilling path 11 1nto the ink
housing container 1 through the ik reﬁlling port 1A. As the
ink 1s sucked and refilled, the level L rises gradually. Then,
when the level L rises to the position shown by an alternate
long and two short dashes line 1n FIG. 7 and the ink 4 contacts
the gas-liquid separation membrane 2, the suction and refill-
ing of the ik 4 1s automatically stopped. That 1s, since the
gas-liquid separation membrane 2 allows the gas 5 from the
ink housing container 1 to pass through, while inhibiting the
passage of the ink 4, the suction and refilling of the 1nk 4 1s
automatically stopped when the level L reaches the position
of the gas-liquid separation membrane 2.

In this manner, the gas-liquid separation membrane 2 can
be used to refill a predetermined amount of 1nk 4 1into the ink
housing container 1.

The present embodiment shows the configuration 1n which
the 1k 1s filled simultaneously with removal of the gas by
reducing the pressure in the ink housing container from out-
side the ink housing container to make a difference in pres-
sure between the interior and exterior of the ink housing
container. However, the ink may be filled simultaneously with
removal of the gas by exerting pressure on the interior of the
ink housing container to make a difference in pressure
between the interior and exterior of the ink housing container.

Other Embodiments

The liquid housing container 1s widely applicable as a
container that accommodates not only 1k but also any of
various liquids.

Further, the present mnvention can discharge the gas from
the 1nterior to exterior of the liquid housing container via the
gas-liquid separation membrane by making a difference 1n
pressure between the interior and exterior of the liquid hous-
ing container (the pressure 1s low inside the container and
high outside the container). The opening 1n the liquid housing,
container at which the gas-liquid separation membrane can be
installed may be the air vent that allows the gas to be dis-
charged from the liquid housing container through the gas-

10

15

20

25

30

35

40

45

50

55

60

65

10

liquid separation membrane as 1n the case of the above first to
third embodiments. The opening may be the suction port that
allows a negative pressure required to suck the liquid to be
introduced through the gas-liquid separation membrane as 1n
the case of the fourth embodiment. Alternatively, the opening
may allow the atmospheric pressure to act on the interior of
the liquid housing container through the gas-liquid separation
membrane.

The present invention 1s also applicable to a liquid supply
apparatus comprising components which are similar to those
of the above liquid housing container and which are arranged
in a liquad supply path, and to a liquid supply apparatus
comprising the above opening 1n a liquid supply path. The
liguid supply path 1s used to supply a liquid from a liquid
refilling section to a section such as a liquid housing container
or an ink jet print head which uses the liquid. If such an
opening as described above 1s formed 1n such a liquid supply
path, an arrangement can be provided which positively makes
a difference 1n pressure between the 1nside and outside of the
gas-liquid separation membrane disposed at the opening as
described above.

The present invention has been described in detail with
respect to preferred embodiments, and 1t will now be apparent
from the foregoing to those skilled in the art that changes and
modifications may be made without departing from the inven-
tion 1n 1ts broader aspect, and 1t 1s the intention, therefore, in
the apparent claims to cover all such changes.

This application claims priority from Japanese Patent
Application No. 2004-3817350 filed Dec. 28, 2004, which 1s
hereby incorporated by reference herein.

What 1s claimed 1s:

1. A liquid housing container having an interior for con-
taining a liquid to be ejected from an 1nk-jet print head, an
opening communicating between the interior and an exterior
being outside the interior, and a gas-liquid separation mem-
brane located at the opening, and the gas-liquid separation
membrane allowing a gas to pass through while limiting
passage of a liguid, the liquid housing container being con-
structed to discharge the gas 1n the interior to the exterior by
making a difference in pressure between the interior and
exterior,

wherein the gas-liquid separation membrane is a resin film

including a fibrous area comprising {ibrous portions and
an annular bundling area which bundles ends of the
fibrous portions and which 1s closed so as to surround the
fibrous area,

wherein the fibrous portions are arranged in substantially

one direction, and

wherein the opening has a cross section comprising a

minor axis and a major axis, and wherein a direction 1n
which fibers 1n the gas-liquid separation membrane
located at the opening 1s substantially parallel to a direc-
tion of the minor axis of the opening.

2. The liquid housing container according to claim 1,
wherein the fibrous portions have an average thickness of at
least 0.1 micron.

3. The liguid housing container according to claim 1,
wherein a matenial for the gas-liquid separation membrane
contain polytetrafluoroethylene.

4. The liquid housing container according to claim 1,
wherein the liquid housing container constitutes an ink tank
in which liquid ik 1s housed.

5. A liquid supply apparatus having, 1n a liquid supply path
to be connected to an mk-jet print head, an opening at which
a gas-liquid separation membrane allowing a gas to pass
trough while limiting passage of a liquid can be located,
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wherein the gas-liquid separation membrane 1s a resin film
including a fibrous area comprising fibrous portions and

an annular bundling area which bundles ends of t

1C

fibrous portions and which 1s closed so as to surround t
fibrous area,

1C

wherein the fibrous portions are arranged in substantially

one direction, and

5
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wherein the opening has a cross section comprising a
minor axis and a major axis, and wherein a direction 1n
which fibers in the gas-liquid separation membrane
located at the opening 1s substantially parallel to a direc-
tion of the minor axis of the opening.
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